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tion, only, are approximately correct for the actual case of location wherein 
both phase and intensity are altered. 

The work thus far clearly shows that with frequencies 100 to 1200 d.v 
phase is the chief factor in localization with pure tones. For the lower 
frequencies the intensity effect is practically nil, and at all frequencies 
within the range considered the effect must be small. These conclusions 
are quite contrary to the view commonly held and appearing in psycholog- 
ical literature and texts. But they are worthy of confidence because based 
on quantitative results, and not on personal judgment. There remains a 
great amount of experimental work covering an extension of the fre- 
quencies and the employment of complex tones. Strictly speaking the 
localization herein mentioned applies only to 90 ° either side of the median 
plane and in front. The removal of this limitation will probably prove 
relatively simple after the experiments are completed. The above report 
while covering a limited range, nevertheless does make a definite advance 
in our understanding of the relative importance of the factors, phase and 
intensity, in binaural localization, and furnishes a basis upon which the 
future experiments may depend. 



THE MEASUREMENT OF SMALL TIME INTERVALS AND 
SOME APPLICATIONS, PRINCIPALLY BALLISTIC 1 

By L. T. E. Thompson, C. N. Hickman and N. Rh^olt 

Ballistic Institute, Clark University 

Communicated by A. G. Webster, February 25, 1920 

Precision in time calibration is of importance in many classes" of re- 
search. Several types of apparatus have been developed for this purpose. 
Some of these, such as the Helmholtz pendulum, permit extremely ac- 
curate reproduction of a stated interval but less exact absolute determina- 
tion. A method proposed and extensively used by A. G. Webster has 
given satisfactory, absolute determinations of intervals as small as a 
millionth of a second. 2 The recording apparatus is electrical and the cali- 
bration is accomplished by a careful measurement of the height of fall of 
a projectile. 

The Le Boulenge and the Aberdeen chronographs are in general use, 
the former having a falling projectile and the latter a rotating drum. 
With any apparatus involving a rotating drum, it is necessary to maintain 
the speed of the motor driving it within certain limits and to secure a de- 
pendable calibration, usually placed on the record as it is being made. 
Various instruments have been devised to accomplish this purpose. 3 
A tuning fork producing a photographic or mechanically inscribed record 
of a sinuous form is perhaps the commonest example. 

Means for applying discontinuously a record of a fork or other vibrator 
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have been used. For example, a very successful method was recently- 
developed at the Bureau of Standards by Duncan and Curtis in which 
straight lines were produced across the photographic film by the interrup- 
tion of light passing through slits attached to the tuning fork. 

In the ballistic investigations which have been conducted at Clark 
University during the past two years, a great many of the records ob- 
tained have required such a time scale; for example the pressure-time 
curves for a gun, the curves for the vibration of the gun barrel, and later 
the velocity measurements which are described in this paper. The Bureau 
method was first adopted. We have been able, however, to develop a 
new apparatus which permits the placing of equally sharp lines across the 
film at very high frequencies. This is of considerable importance in the 
small arms ballistic work, inasmuch as it is necessary to have the film 
moving at high speed. 

The apparatus for the time records is shown in figures 1 and 2. The 
tuning fork has a small needle attached to one prong (a weight being at- 
tached to the other) against which there bears a light stiff filament of steel 
ribbon held in place by a massive frame attached to the base mounting 
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of the tuning fork. (The filament is practically a duplicate of the one used 
in Professor Webster's Phonometer to record the motion of the vibrating 
disk.) 4 Upon this filament is mounted a small mirror. Light is reflected 
from it and focused on a stationary slit. The fork is struck with an elec- 
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trical hammer and allowed to vibrate freely, and in so doing causes the image 
of the slit in front of the arc to move up and down across the stationary slit. 
The stationary slit, then, is an intermittent source of light, the image of which 
is focused at a convenient place on the moving film. The optical system 
should be so designed that the beam only slightly more than covers the 
mirror. A new fork has been constructed giving about two thousand lines 
per second. There is no reason why this should not be as high as ten to 
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twelve thousand lines per second. The velocity at the neutral position 
(where the slit is placed) is a maximum and includes the frequency as a 
factor. As it is increased the amplitude may decrease and still permit 
the same exposure of light through the slit as at the lower frequencies. 
Mechanically, the essential condition to be fulfilled in the design is that 
the natural frequency of the filament upon which the mirror is mounted 
should be high in comparison with that of the fork. 

Most of the methods which are at present used in ballistics for the 
measurement of velocity involve the passage of the projectile through 
screens of one sort or another, breaking or making electrical circuits. 
The method which we have devised does not require that any material be 
touched by the projectile in its flight, but simply the passage twice through 
a beam of light. It is found that it is only necessary to observe the flight 
of the projectile over a space of from 3 to 5 feet to get a precision 
which is certainly greater than that needed for ordinary purposes. 

The beam of light obtained from a slit is controlled by the optical system 
(fig. 2) in such a way that it is focused twice, each time irf the path of the 
projectile, being reflected by the mirrors Mi, M 2 and M 3 and finally brought 
to the photographic surface on the rotating drum. The image is a short 
sharp line. It is desirable to have for both this and the calibrating sys- 
tem a short focus lens. As the film rotates, the image of the slit will 
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trace a narrow ribbon on the film surface. As the projectile passes through 
the ribbon in the two places successively an interruption of light occurs 
and a dark section appears in the ribbon at each of the corresponding 
instants. This is in general a longitudinally distorted image of the pro- 
jectile and if the speed of the film were adjusted to a certain value it would 
be a miniature reproduction of its cross-section. Some records which 
have been obtained are shown in figure 3. The measurements have been 





FIG. 3 

made from the base line of the projectile in each case and the sharpness 
of this permits a determination of the length between these lines with 
a precision which is fully equal to that of the time calibration. The only 
observations, then, that are required are those of length. Each of these 
can be carried out to one part in ten thousand if necessary. The fact that 
a permanent record is provided and that no electrical apparatus is used 
also adds to the dependability of the results. A compact portable form 
has been designed for field use. 

A general apparatus for ballistic investigation is shown in figure 2. 
This includes a pressure gauge 5 as well as the velocity equipment. With 
one discharge of the gun a fairly complete ballistic record is obtained on 
the film mounted on the rotating drum D. The velocity at the muzzle, 
the pressure-time curve in the barrel, including the pressure when the 
projectile leaves, that at maximum value, the time calibration, and, by 
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analysis of these curves, the velocity-time and pressure- space curves, 
as well as data regarding the resistance of the barrel, are all available. 

An extensive application of this procedure is to be made in a determina- 
tion of the resistance of air at various densities, to the flight through it of 
bodies moving with relatively high velocities. Heretofore, measurements 
have been made out-of-doors, shooting over a comparatively long range 
in order to get the desired accuracy. By making use of this velocity ap- 
paratus we are able to make two determinations in a length which is to 
be obtained in a building of laboratory size. The resistance is measured 
by the work which is done in the passage of the projectile from one point 
to another through the medium. This will require the two determinations 
of the velocity for the change in kinetic energy. It is necessary that the 
velocity be found with a precision which is sufficient to give the difference 
in the squares of the velocities with an acceptably small error. For a 
Government thirty caliber (Yeo lb.) projectile the resistance of the air 
at normal pressure is such that the velocity will decrease an amount of 
the order of 225 feet per second in travelling 300 feet from the muzzle. 
At densities greater than normal the decrease will, of course, be greater 
and at pressures less than normal (which will be obtained as described be- 
low) the decrease will be less than this. 
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is the mean value of the retardation over the distance of observation 
(100-200 feet). 

An approximate idea of the effect upon the final value of the resistance 
of an error in the measurement of the velocity of one part in ten thousand 
is obtained by an examination of the above expression. 

8 3 = 2v8v + 2v ° 5v ° + = 4 X 2500 X 1 /a | . .approximately, 

R v 2 - v Q 2 v 2 - v 2 '" 650000 or about 0.4%. 

Here. Av = 125; ^ = 2650; v = 2525; 5v = 5v = 1 / i . At higher pres- 
sures the error will be still less and at pressures down to one-half normal 
the substitution in this expression shows that the error for a single observa- 
tion will still be below 1%. 

Inasmuch as the ratio of the resistance of the medium to the weight 
of the projectile decreases as the diameter increases and in direct pro- 
portion, the precision which would be expected with large projectiles 
would be correspondingly less. Nevertheless, by increasing the distance 
of observation the same order of accuracy would be possible with pro- 
jectiles up to perhaps 3 inches in diameter. If the firing is done in 
a tube of from 1 to 3 hundred feet in length, having a diameter suffi- 
cient to make observation possible without great inconvenience, the air 
pressure in this tube being controlled by a pump, the observations of the 
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velocities ranging perhaps from 1200 feet per second up to 3500 or 4000 feet 
per second can be made at each end of the tube. As long as the velocity of 
the projectile is greater than that of sound, no interference with the meas- 
urements will result from a disturbance reflected from the walls of the tube. 
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Figure 4 is a graphical representation of the resistance as a function of 
the velocity as determined from the measurements made by at least 
five European observers, their data being averaged by the Italian ballis- 
tician, General Siacci. The retardation appears to be a linear function 
beyond the velocity of sound. Multiplying the datum line of these curves 
by different factors depending upon the density of the air gives the other 
curves for various heights. These were used in trajectory computations 
on long range guns of the type brought out by the Germans to shell Paris. 6 
The experiments outlined will be adequate to make a precise determina- 
tion of the values for the resistance for small projectiles over a consider- 
able part of the usable portions of this graph for the modern rifles of high 
velocity. The fact that this problem is not the exact equivalent hydro- 
dynamically of the one for very large projectiles does not materially lessen 
the value or interest of the results of such an investigation with small 
projectiles. 

An important problem is the accurate determination of the effect of 
varying the form of the projectile. The question of ultimate or optimum 
form for a given use should be experimentally determinate. The records 
show not only the velocity but the manner in which the projectile is 
travelling. Also, it is likely that the precision and the complete control 
of the conditions of experiment possible would lead to satisfactory results 
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as to the variation of the so-called form factor with the velocity. If the 
results indicate an entirely new law of resistance for each form of projec- 
tile, as has been suggested, this fact should be evident. In this case there 
will not be a linear relation between the datum line for a projectile of 
one form over its range of velocities and that for another projectile with 
a different form. The fact that a projectile in actual flight may gradually 
change its cross-sectional surface presented in the direction of flight owing 
to precession (and thus produce a gradual change in the "law") is an argu- 
ment for making the measurements in a short distance. 
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fig. 5 



Another ballistic application of the method of determining velocities is 
in connection with penetration* The energy loss, and even the law of 
retardation, that is to say the resistance of a solid with the passage of a 
body through it under given conditions, can be found through spark pho- 
tography and successive determinations of the velocity. Here it is prac- 
tically necessary to be able to measure the velocity in a few feet, this ap- 
paratus thus being particularly adapted. 

While the ballistic application of the experiments is perhaps most 
important, yet the general investigation of the hydrodynamical aspects 
is of considerable interest. It is not necessary to restrict the bodies 
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which are hurled through a medium to those of practical ballistic design 
or dimensions. Coupled with the spark method of obtaining instantaneous 
photographs of the projectile and the waves connected with its flight, 
it is possible to examine the condition of the medium and the effect of 
change in body shape for a great range of conditions. 




FIG. 6 



The energy given up by a body in motion is dissipated in at least three 
ways — through skin friction, gas compression, 7 and production of the 
turbulent region particularly evident in the rear (see spark photographs, 
fig. 5). In order to formulate a theory of retardation it is necessary to 
have quantitative information regarding these factors and their relative 
importance. This information is very difficult to obtain. 
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Another application of the method of time calibration and of determin- 
ing velocities comes in an entirely different field, namely, the measure- 
ment of the velocity of light. With a range of about 40 or 50 miles, 
which is available, a simple apparatus of this type will provide a record 
comparing the instant of arrival of light directly from the source (one of 
short duration, such as a spark or very rapidly moving slits) and that which 
has gone out and back over the 50 miles. The record will be similar to 
those which have been shown and obtained in much the same way. A 
precision which is at least as great as that obtained by the other methods 
which have been used for the measurement of the velocity of light is to 
be expected and in addition the permanent record, which will be given by 
a deflection on the film of the order of two centimeters, this representing 
the time taken for the light to travel the 50 miles. 
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The shadowgraphs (fig. 5) of projectiles in flight were made by use 
of the apparatus shown in figure 6, a diagram of which is shown in figure 
7. The spark is obtained by breaking a small wire (w) through which the 
current passes to the primary of a large coil. The current is applied just 
before firing the gun, and in this way a very small wire can be used, not 
having time to fuse. The secondary condenser C controls the time inter- 
val elapsing between breaking the wire and the passing of the spark through 
the gap G which is constructed as shown in the figure. This makes a good 
* 'point" source and one always in the same place. The lens L is quartz. 
The position of the projectile on the plate can be controlled to perhaps 
1 centimeter by moving the wire (w) with respect to the plate. This 
corresponds to a time interval of V 75, 000 second. 
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CHARCOAL ACTIVATION 
By H. H. Sheldon 
RyBrson Physical Laboratory, University of Chicago 
Communicated by R. A. Millikan, February 20, 1920 
The results obtained by Dr. Harvey B. Lemon on the variations due 
to heat treatment in the adsorption of gases by charcoal, 1 although pub- 
lished but recently, were obtained some time ago. There seemed two 
possible explanations of these results — either that the structure of the 
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